MA, USA); 3) Sab-MOPS -Sabouraud broth diluted ten-fold with 50 mM 3-(N-9 2 Morpholino)propanesulfonic acid, pH 7.5 11 . All experiments were carried out at 37 °C. 9 3
Proof of principle observations of C. neoformans incubated in Sabouraud broth, MOPS for 24 h confirmed that the capsule was clearly visible (figure 1A) and that 9 5 measurements made with India ink and Percoll produced equivalent results (figure 1B).
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Interestingly, we were also able to observe an increase in cell body diameter in cells 9 7 incubated in MM, as reported previously 12 . In these experiments, we mixed C. neoformans 9 8 cultures with equal volumes of India ink or Percoll and mounted the suspensions on slides 9 9 covered with 0.170 mm coverslips. To test whether Percoll was toxic to C. neoformans, we 1 0 0 set up parallel cultures with and without Percoll for 84 h and estimated final cell densities on 1 0 1 a hemocytometer: these were 5.2 x 10 7 cells/ml (SD: 3.9 x 10 6 cells/ml) and 6.4 x 10 7 cells/ml 1 0 2 (SD: 1.3 x 10 7 cells/ml), respectively (p=0.2004). The results established that suspension in 1 0 3
Percoll was not toxic for growth. We observed that the capsule edge was much sharper in 1 0 4
Percoll suspension than in India ink suspension. Although the exact mechanism for this 1 0 5 difference is not known, we suggest two explanations that are not mutually exclusive. First, 1 0 6 India Ink is a preparation of particles with heterogeneous sizes and some of the smaller 1 0 7 particles may be able to penetrate the domain of the capsule, especially given that outer layers 1 0 8 are less dense 2 . Second, the capsule is a highly hydrated and hydrophilic structure that may 1 0 9 not interact well with the polyvinylpyrrolidone thus creating a sharp exclusion zone. These For time-lapse imaging, we observed cells in capsule-inducing media supplemented with Percoll in a POCmini-2 cultivation system (PeCon GmbH, Germany), a closed chamber proportion of cells in a 50% Percoll suspension would float due to being less dense than the 1 1 6 6 medium. Thus, we enriched the suspension for denser cells by resuspending cells into a 50% 1 1 7
Percoll suspension in water (v/v) and centrifuging at 2000 g for five minutes. The pellet 1 1 8 containing cells that did not float was then counted and suspended at low density then added to the chamber, which was incubated in the microscope at 37 °C to allow 1 2 3 collection of images every five to fifteen minutes for one to two days. The time-lapse images 1 2 4
show that the capsule growth is more pronounced in Sab-MOPS, although it was readily 1-3). We measured the capsule size for several cells and found that the capsule growth 1 2 7 follows sigmoidal kinetics with different rates for different cells (figure 2C), as previously 1 2 8 observed using measurements based on the Quellung effect 5, 6 . In contrast to the studies using antibodies, however, we were clearly able to observe the The first three buds emerged during the phase in which the mother cell capsule was not 1 3 4 growing; all three had capsules that were thicker than that of the mother cell and each one 1 3 5 had a thicker capsule than the previous bud. The later buds, in contrast, emerged as the 1 3 6 mother cell capsule was becoming thicker; their capsules were less thick than those of the 1 3 7 mother cell and the previous buds. In contrast to this one cell, we observed several others 1 3 8 whose buds had a thin capsule and no apparent pattern of capsule redistribution from their 1 3 9 mother cell. These observations suggest that the destination of new capsular material 1 4 0 synthesized by the mother cell -its own capsule or that of a bud -may not be stochastic. In a capsular material is destined to increase the size of the mother cell or the bud could define 1 4 5 which of these cells escapes the immune response inside the host. those of García-Rodas et al. 6 , at first glance they seem to be in agreement: while the mother 1 5 0 cell is budding actively, and presumably spending only brief intervals in G1/S, its own 1 5 1 capsule does not become thicker. Our data would seem to suggest that this is less because of 1 5 2 an intrinsic impairment of capsule growth during G2/M, as suggested by the authors of that 1 5 3 study, and more because a mechanism exists whereby capsule polysaccharide might be 1 5 4 destined for the capsule of the daughter cell. Comparing India ink staining and the method we describe here, we found that the former uses 1 5 6 a cheaper reagent and requires a much simpler microscope for observation. However, India 1 5 7 ink is not readily available everywhere and the quality of the reagent for capsule visualization 1 5 8 varies widely among manufacturers. Despite its higher price, Percoll resulted in consistently In summary, we describe a new method for visualizing the capsule and studying capsular 1 6 6 growth kinetics based on suspending cells in media with a very different refractive index than 1 6 7 the capsule. Comparison of the insights obtained with this method relative to those learned 1 6 8 with the Quellung method confirms that different cells grow at different rates. Perhaps most 1 6 9 importantly, the Percoll method has provided new insights on the distribution of 1 7 0 polysaccharide during budding that have important implications for our views on bud 1 7 1 survival and antibody function. The authors would like to thank the Brazilian funding agencies Capes, CNPq and FAP-DF for research funding and scholarships. were compared to test for variation in the slope (k) and the preferred model, with a 2 4 0 probability greater than 99.99%, was found to be that k is different for each curve. Gaps in 2 4 1 some curves correspond to periods in the time series when the cells drifted out of focus, 2 4 2 making it impossible to perform measurements. plotted into a zoomed-in version of the curve shown in figure 2B , which shows capsule 2 5 2 growth kinetics for the mother cell. to the first time point in which the bud can first be seen emerging in the cell wall of its which its cell wall has clearly separated from that of its mother cell.
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